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{57] ABSTRACT

An integral transfer tube is produced comprised of a
hollow high density ceramic oxide tube having its outer
surface wall surrounded by a low density multilayered

ceramic oxide shell, and having a heating element com-

prised of a heating wound portion and two end portions
wherein the wound portion is intermediate the tube and
the shell, and wherein at least a sufficient amount of the
end portions are exposed for electrical attachment.

19 Claims, 3 Drawing Sheets
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METHOD FOR PRODUCING HEAT TRANSFER -

TUBE WITH INSITU HEATER

This application is a division, of application Ser. No.
07/428,079, filed Oct. 27, 1989 now U.S. Pat. No.
4,978,039,

‘This apphcation is related to U.S. Ser. No. 339,460,
filed on Apr. 17, 1989, for TRANSFER TUBE, for

Borom et al.; U.S. Ser. No. 367,411, filed June 16, 1989,

for TRANSFER TUBE, for Svec et al.; U.S. Ser. No.
377,387, filed July 10, 1989, for TRANSFER TUBE
WITH INSITU HEATER, for Brun et al.; all of which
are assigned to the assignee hereof and incorporated
herein by reference. |

Related U.S. Pat. No. 4,024,300; No. 4,128,431; No.
4,131,475 all to Paul S. Svec; and No. 4,247,333 to Led-
der et al.; all are assigned to the assignee hereof and are
incorporated herein by reference.

This invention relates to the production of a transfer
tube comprised of a high density ceramic oxide tube
having directly bonded to its outer surface wall a low
density sintered ceramic oxide covering and having a
heating element intermediate the high density tube and
low density covering.

In the past, because of their chemical inertness and
resistance to thermal shock, low density tubes of alu-
mina and zirconia have been used to transfer molten
metal. One disadvantage of the low density tubes is that
they are mechanically weak and fragments, which are
very deleterious to the properties of the bulk metal,
crack off and enter the passing stream of molten metal
Frequently, the low density tubes break up. Also, the
low density tubes have rough surfaces which provide
very high specific surface areas where oxides and slag
can adhere and ultimately block the orifices. On the
other hand, high density tubes are not useful because of
their poor thermal shock resistance.

The disadvantages of the prior art are overcome by
related U.S. Ser. No. 367,411 which discloses an inte-
gral transfer tube comprised of high density ceramic
oxide having directly bonded to its outer surface wall a
low density multi-layered ceramic oxide shell. The con-
struction of this transfer tube imparts thermal shock
resistance to it. However, it was found that thermal
shock resistance was enhanced by pre-heating of the
transfer tube. Delivery of heat to the transfer tube by
heat sources from the outside is both cumbersome and
undesirable from the standpoint of the sign of the radial
thermal gradient. A thermal gradient with temperature
- decreasing from the outside inward places the internal
high density tube in an undesirable state of triaxial ten-
sion.

It is desirable to create a configuration which delivers
pre-heat at the interior of the transfer tube and radiates
it outward.

The object of the invention is to enhance the thermal
shock resistance of a composite transfer tube by provid-
ing a source of pre-heat that is internal to the structure.

SUMMARY OF THE INVENTION

The present mvention provides an integral transfer
tube comprised of a high density hollow ceramic oxide
tube with its outer surface wall preferably enveloped by
a low density ceramic oxide shell and having an internal
heater between the high density tube and the low den-
sity shell. The internal heater is provided by a heating
element and 1s characterized as able to generate suffi-
cient heat to the high density tube component to pre-
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vent significant deleterious effect thereon at the temper-
ature of use of the transfer tube. Thermal shock resis-

tance needed to survive the transient thermal gradients
in the high density tube generated by the introduction
of molten metal is provided by pre-heating the high

“density tube using the internal heater. The low density

shell has a thermal conductivity sufficiently lower than
that of the high density tube to prevent build-up of
thermal stresses in the high density tube that would
have a significantly deleterious effect on it. Also, the
high density tube in the present transfer tube provides a
smooth, or substantially smooth, inner surface thereby
eliminating or significantly reducing adherence of oxide

or slag.

DESCRIPTION OF THE DRAWINGS

Those skilled in the art will gain a further and better
understanding of the present invention from the de-
tatled description set forth below, considered in con-

20 junction with the figures accompanying and forming a

part of the specification in which:
FI1G. 1 1llustrates a side elevational view of one em-

bodiment of a structure, before formation of the low
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density shell thereon to produce the present transfer
tube, comprised of the high density hollow tube and a

continuous elongated heating element with its wound

portion on the wall of the high density tube in the form
of a single helix;

FIG. 2 illustrates a cross-sectional view of one em-
bodiment of the present transfer tube with insitu heater
formed with the structure of FIG. 1; and

FIG. 3 illustrates a side elevational of another em-
bodiment of a structure, before formation of the low
density shell thereon, comprised of three high density
tubes fitted partly within each other by frictional en-
gagement, a continuous heating element, wherein the
wound portion of the heating element on the smallest
diameter tube, 1.e. the bottom tube, is in the form of a
double helix and on the upper two tubes it is in the form
of a single helix, and wherein the wound portion of the
heating element is secured in place by a coating of ce-
menting ceramic oxide particles.

DETAILED DESCRIPTION OF THE
INVENTION

Briefly stated, in one embodiment, the present trans-
fer tube is comprised of a hollow high density tube, a
continuous low density shell, and a continuous elon-
gated heating element comprised of a spaced wound
portion and two end portions spaced from said wound
portion, said wound portion of said heating element
being in direct contact with the outer surface wall of
said high density tube, said shell surrounding at least
said wound portion of said heating element and the
outer surface wall of said high density tube leaving no
significant portion thereof exposed, said shell being in
direct contact with said wound portion of said heating
element and being directly bonded to said outer surface
wall of said high density tube, at least a sufficient
amount of said end portions of said heating element
being exposed for electrical attachment or electrical
contact, said wound portion of said heating element
being electrically characterized as having an electrical
resistance and a surface area sufficient to preheat and
maintain said high density tube at a temperature within
300" C. of the temperature of use of said transfer tube,
said heating element being comprised of a metal or
metal alloy having a melting point higher than 700° C.



5,022,150

3

and at least 200° C. higher than the temperature of use
of said transfer tube, said high density tube being com-
prised of polycrystalline ceramic oxide and having a
density of at least about 90% of its theoretical density,
said high density tube having a passageway extending
through its length with a cross-sectional area at least
sufficient for transfer of molten metal therethrough, at
least about 75 weight % of said shell being comprised of
polycrystalline ceramic oxide, said shell being com-
prised of a plurality of sequential layers directly bonded
to each other, said sequential layers being comprised of
at least two primary layers and at least one intermediate
secondary layer disposed between said primary layers,
the ceramic oxide grains in said primary layers having
an average size which is stgnificantly smaller than the
average size of the ceramic oxide grains in said interme-
diate secondary layer, said low density shell ranging in
density from about 409 to about 809 of its theoretical
density, said low density shell having a thermal expan-
sion coefficient within about *+25% of the thermal
expansion coefficient of said high density tube, said low
density shell having a thermal conductivity at least
about 10% lower than that of said high density tube.

In another embodiment, the present transfer tube also
contains a cementing polycrystalline ceramic oxide
sintered coating which 1s in direct contact with the
wound portion of the heating element and which is
directly bonded to the outer surface wall of the high
density tube. In this embodiment, the shell is directly
bonded to the cementing polycrystalline coating and
depending on the extent of porosity, continuity or dis-
continuity of the cementing coating, the shell can also
be directly bonded to the outer surface wall of the high
density tube and may also be in direct contact with the
wound portion of the heating element. This polycrystal-
line sintered coating 1s produced from a coating of a
slurry of cementing ceramic oxide particles deposited
on the wound portion of the heating element and at least
sufficiently on the outer surface wall of the high density
tube to maintain the wound portion of the heating ele-
ment in place.

The term “metal” herein includes metal alloys, par-
ticularly superalloys.

FIG. 1 shows structure 1, before a shell 1s produced
thereon by the present process, comprised of high den-
sity ceramic oxide tube 2 and a continuous elongated

heating element in the form of a wire 4 comprised of a .

heating wound portion § and end portions 6 and 7. In
this embodiment, wound portion § is in the form of a
single helix frictionally engaged in direct contact with
outer wall 3 of high density tube 2. Wire end portion 6
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is bent and spaced from wound portion § to extend

outwardly in the same direction as wire end portion 7.
Spacing of wire end portions 6 and 7 from wire wound
portion 5 can be maintained in a known manner to pre-
vent an electrical short in the resulting transfer tube. In
one embodiment of the present process, spacing of wire
end portions 6 and 7 from wire wound portion 5§ is
maintained by formation of a primary layer of the shell
on wall 3 of high density tube 2 and on wire wound
portion §. Wire end portions 6 and 7 are arranged for at
least a sufficient amount thereof to be exposed in the
resulting transfer tube for electrical attachment.

FIG. 2 shows one embodiment of the present transfer
tube 20 produced with the structure of FIG. 1. Specifi-
cally, FIG. 2 shows high density ceramic oxide tube 21
which i1s open at both its upper end portion 22, i.e. the
entrance end for the molten metal, and its lower end
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portion 23, i.e. the exit end for the molten metal. Pas-
sageway 24 extends through tube 21, and in this em-
bodiment, passageway 24 has the same circular cross-
sectional area throughout its length. The heating ele-
ment is in the form of wire comprised of wound portion
25 and end portions 26 and 27. Wound wire portion 25
is in direct contact with outer surface wall 28 of high
density tube 21. End wire portion 27 is bent and spaced
from wound wire portion 25. Low density ceramic
oxide shell 29 1s directly bonded to the outer surface
wall 28 of high density tube 21 except for those portions
of wall 28 occupied by wound wire portion 25. Shell 29
is in direct contact with wound wire portion 25 and
surrounds wire portion 25 and wall 28 leaving no signif-
icant portion thereof exposed. End wire portions 26 and
27 are exposed sufficiently for electrical attachment.

Specifically, shell 29 i1s comprised of primary layers
30, 31, and 32 and intermediate secondary layers 33 and
34. F1G. 2 shows that all of the layers in the shell are
concentric and are directly bonded to each other. Pri-
mary layer 30 is also directly bonded to outer surface
wall 28 of high density tube 21 and is in direct contact
with wire portion 28.

F1G. 3 shows a structure 30, before the present shell
is formed thereon, comprised of high density ceramic
oxide tubes 31, 32 and 33 frictionally joined partly
within each other at joints 34 and 35, a heating element
36 in the form of a wire and a coating 37 comprised of
cementing ceramic oxide particles. Heating element 36
1s comprised of a heating wound wire portion 38 and
end wire portions 39 and 40. Wound wire portion 38,
shown on tube 33 in the form of a double helix and on
tubes 31 and 32 in the form of a single helix, is in direct
contact with outer surface walls 41, 42 and 43 of tubes
31, 32 and 33, respectively. End wire portion 39 and 40
are bent and spaced from wound portion 38 to extend
outwardly in the same direction. Coating 37 is in direct
contact with wound wire portion 38 and walls 41, 42
and 43 maintaining wound wire portion 38 in place
preventing contact between the coils thereof and also
preventing contact between wire portion 38 and end
portions 39 and 40, thereby preventing an electrical
short in the resulting transfer tube. End wire portions 39
and 40 are arranged for at least a sufficient amount
thereof to be exposed in the resulting transfer tube for
electrical attachment.

In the present transfer tube, the high density tube is a
hollow body with two open ends, i.e. an entrance end
and an exit end. It has a passageway extending through-
out 1ts length, 1.e. through both open ends. The cross-
sectional area of the passageway is at least sufficient to
permit the passage of a molten metal downwardly
therethrough. The particular cross-sectional area of the
passageway depends largely on the particular applica-
tton of the transfer tube and is determined empirically.
Generally, the cross-sectional area of the passageway
ranges from about 0.8 to about 5000 square millimeters,

frequently from about 3 to about 1500 square millime-

ters or from about 7 to about 1000 square millimeters.
The cross-sectional area can be the same, or it can vary,
through the length of the passageway.

The high density tube, as well as the passageway
extending therethrough, can be in any desired shape.
For example, the cross-sectional area of the passageway
can be in the shape of a circle, a square, an oval, a rect-
angle, a star, and any combination thereof. The outer
wall of the high density tube can be flat but preferably
it 1s curved. For example, the high density tube can be
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in the form of a cylinder, rectangle, or a square. Prefera-
bly, the high density tube, including its passageway, is
cylindrical in shape.

The high density tube has a minimum wall thickness

which depends largely on the application of the transfer

tube and is determined empirically. Generally, the high
density tube has at least a wall thickness which is suffi-

cient to maintain, or substantially maintain, its integrity

in the transfer tube when molten metal is passed there-
through. Generally, the wall thickness of the high den-
sity tube ranges from about 0.125 millimeters to less
than about 6.5 millimeters, frequently from about 0.250
millimeters to about 2 millimeters, or from about 0.700
millimeters to about 1.500 millimeters. Generally, a high
density tube with a wall thickness greater than about 6.5
millimeters provides no advantage.

The high density tube has a length which can vary
widely depending largely on the application of the
transfer tube and is determined empirically. It has a
length at least sufficient for transfer of molten metal
therethrough. It can be as long as desired. Generally, its
length ranges from about 15 millimeters to about 1000
millimeters, and frequently, it ranges from about 25
millimeters to about 200 millimeters. For example,
when the transfer tube 1s used as an orifice, its length
generally ranges from about 25 millimeters to about 100
millimeters. |

Generally, the high density tube ranges in density
from about 90% to about 1009, preferably from about
95% to about 100%, of its theoretical density. The par-
ticular density depends largely on the particular apph-
cation of the transfer tube and is determined empiri-
cally. Preferably, porosity in the high density tube i1s
non-interconnecting.

The average grain size of the high density tube may
vary depending largely on the particular application of
the transfer tube and is determined empirically. Prefera-
bly, the average grain size of the high density tube i1s
sufficiently small to prevent cracking off, or significant
cracking off, of fragments of the tube when contacted
by passing molten metal at the particular temperatures
used. Generally, the average grain size of the high den-
sity tube ranges from about 5 microns to about 50 mi-
crons, or from about 10 microns to about 40 microns, or
from about 20 microns to about 30 microns.

The chemical composition of the high density ce-
ramic oxide tube depends largely on the particular ap-
plication of the transfer tube and is determined empiri-
cally. The high density tube i1s comprised of polycrys-
talline ceramic oxide matertal which i1s chemically inert,
or substantially chemically inert, with respect to the
molten material to be passed therethrough. Specifically,
it should have no significant deleterious effect on the
molten metal passed therethrough.

Preferably, the high density tube 1s comprised of a
ceramic oxide material selected from the group consist-
ing of alumina, beryllia, magnesia, magnesium alumi-
nate, mullite, yttria, zirconia, and mixtures thereof.
Generally, the zirconia is known in the art as stabilized
zirconia which generally is comprised of the cubic
structure, or a combination of cubic, monoclinic and
tetragonal structures.

The high density tube may be available commer-
cially. It also can be produced by a number of conven-
tional techniques known in the ceramics art. In a pre-
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ferred technique, sinterable ceramic oxide particulate .

material 1s shaped into the desired form of hollow tube
having dimensions which on densification will produce

6

the desired high density tube and is sintered in a gaseous
atmosphere or a partial vacuum at a temperature at
which it will densify to the desired density. Particulate
size of the sinterable material is determinable empiri-
cally and depends largely on the grain size desired in the
high density tube. Generally, the sinterable material has
an average particle size of less than 5 microns. Also, the
sinterable particulate material can vary widely in com-
position depending largely on the particular high den-
sity tube desired. For example, it may be comprised of
ceramic oxide powder alone, or of a mixture of the
ceramic oxide powder and a sufficient amount of a
sintering agent therefor determined empirically. The

“sinterable zirconia material would include a stabilizing

agent therefor in an effective amount as is well-known
in the art to produce generally the cubic structure, or a
combination of cubic, monoclinic and tetragonal struc-
tures. In a specific example, alumina powder having a
average particle size of about 4 microns can be shaped
into a tube and sintered in argon at about atmospheric
pressure at about 1700° C. to produce the present high
density tube. |

The high density tube has a thermal expansion coeffi-
cient which depends largely on the particular transfer
tube desired and its application and is determined em-
pirically. Generally, the high density tube has a thermal
expansion coefficient greater than about 40 x 10-7/° C,,
frequently greater than about 65X 10—7/° C., and more
frequently it is about 90 10—7/° C.

The present heating element i1s comprised of a solid
metal or metal alloy which has a melting point higher
than 700° C., preferably higher than 1000° C., and more
preferably higher than 1800° C. Also, the heating ele-
ment should have a melting point at least 200° C., pref-
erably at least 300° C., higher than the temperature of
use of the transfer tube. Preferably, the heating element
1s comprised of a member selected from the group con-
sisting of chromium, iridium, molybdenum, nickel, os-
mium, palladium, platinum, rhodium, ruthenium, tanta-
lum, tungsten and alloys thereof. More preferably, be-
cause of their high melting points, the heating element is
comprised of molybdenum, tantalum or tungsten.

‘The metal or metal alloy of which the heating ele-
ment 1s comprised can contain one or more dopants to
impart a desired property thereto as is known in the art.
For example, molybdenum or tungsten are frequently
doped with potassium to impart ductility thereto.

The present heating element is elongated and can be
in any convenient form. For example, it can be in the
form of a wire, a ribbon, a hollow tube and any combi-
nation thereof. Generally, the heating element is in the
form of a wire. - |

The particular dimensions of the heating element are
determined empirically and depend largely on the di-
mensions of the high density tube and the particular use
of the resulting transfer tube. Generally, the smaller the
diameter of the high density tube, the smaller is the
thickness of the heating element due to the geometric
constraint of the high density tube and the more con-
centrated windings of the heating element which may
be required to generate the desired heat. Generally, the
heating element ranges in thickness from about 0.25 mm
(10 mils) to 3.7 mm (150 mils), frequently from about 0.5
mm (20 mils) to about 0.7 mm (30 mils), and preferably
it 1s about 0.5 mm (20 mils). -

The heating element is comprised of a wound portion
and two end portions wherein the wound portion is
comprised of spaced windings, generally coils, in direct
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contact with the outer wall of the high density tube.
Spacing of the windings depends largely on the particu-
lar application of the transfer tube. Also, spacing be-
tween the windings and between the wound portion
and end portions of the heating element should be suffi-
cient to prevent contact therebetween which would
result in electrical failure of the element in the transfer
tube.

A number of techniques can be used to produce the
structure comprised of the present spaced heating ele-
ment and high density tube. In one technique, the re-
~quired amount of heating element is wound directly on
the outside wall of the high density tube. Spacing of the
colls can be maintained by their frictional engagement
with the wall of the high density tube as shown in FIG.
1. Preferably, the required amount of heating element is
mitially wound tightly directly on a steel mandrel hav-
ing a slightly smaller outside diameter than the high
density tube, and slid from the mandrel onto the high
density tube. Generally, the heating element or wire has
sufficient spring to enable a snug fit of the wound por-
tion against the wall of the high density tube.

-In another technique, a small amount of an organic
polymer 1s used to secure parts of the wound portion of
the heating element to the outer wall of the high density
tube. The polymer should thermally decompose and
vaporize away below 800° C. leaving no significant
residue. Representative of useful polymers is epoxy,
polyvinyl alcohol, and polymethylmethacrylate.

In a preferred embodiment, a coating of cementing
ceramic oxide particles is used to maintain the required
spacing of the heating element. The particular composi-
tion of these cementing ceramic oxide particles depends
largely on their cementing action and the particular use
of the resulting transfer tube and is determined empiri-
cally. The cementing particles should have no signifi-
cant deleterious effect in the present process or on the
resulting transfer tube. The cementing ceramic oxide
particles should sinter in the present process to become
directly bonded to the outside wall of the high density
tube with which they are in contact as well as to the
shell. Generally, more than about 95%, frequently
about 100%, by weight of the cementing particles is
selected from the group consisting of alumina, beryllia,
magnesia, magnesium aluminate, magnesium aluminate-
forming compositions of magnesia and alumina, mullite,
mullite-forming compositions of alumina and silica,
yttria, zirconia and mixtures thereof. Generally, less
than about 5% by weight of the cementing particles is
selected from the group consisting of calcium oxide,
magnesium oxide, silica, and any combinations thereof.
Generally, the cementing particles are relatively coarse
generally ranging in size from about 1 to about 125
microns generally with an average particle size ranging
from about 50 to about 100 microns. The cementing
particulate composition may be available commercially.

Generally, a cement, i.e. a slurry of the cementing
particles, ts used which can be produced in a conven-
tional manner in a hhquid medium which has no signifi-
cant deleterious effect thereon, and preferably it is an
aqueous slurry. Preferably, the concentration of the
slurry 1s sufficient to produce a wet coating of the parti-
cles which on drying leaves sufficient coating of oxide
particles to secure the spacing. Generally, the solids
content of the slurry ranges from about 209 to about
50% by volume of the slurry. A coating of the slurry
can be applied in a conventional manner such as, for
example, by brushing it on and generally it is dried in
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air. The cement should set, i.e. develop sufficient
strength to maintain the wound portion of the heating
element in place, before the first layer of the shell is
deposited thereon. For example, it may be an air-setting
cement which sets on drying in air, generally at room
temperature. Alternatively, the coating of cementing
particles may be of a composition which requires firing
to set it. Such firing is determinable empirically. It is
carried out in an atmosphere or vacuum and at tempera-
tures which have no significant deleterious effect on the
heating element. Frequently, firing to set a cementing
composition is carried out in argon, helium, hydrogen,
or wet hydrogen at about atmospheric pressure at tem-
peratures ranging from about 100° C. to about 1200° C.

In the present transfer tube, the wound portion of the
heating element is electrically characterized as having
an electrical resistance and a surface area sufficient to
preheat and maintain the high density tube component
at a temperature within 300° C. of its temperature of
use, 1.e. within 300° C. of the temperature of use of the
transfer tube. Such a thermal gradient prevents signifi-
cant deleterious effect on the high density tube at the
temperature of use of the transfer tube.

Generally, the distribution of the wound heating
element portion and the amount of heat which it must
generate depends largely on the particular use of the
transfer tube and is determined empirically. The amount
of the wound portion of the heating element on the high
density tube should be sufficient to generate the heat
needed. Specifically, the electrical surface loading of
the heating element or wire, i.e. the amount of electrical
power per unit surface area of the heating element or
wire, should be sufficient to generate the heat needed.

Generally, the temperature gradients in the high den-
sity tube can be controlled by the proper distribution of
the wound heating element portion along its length.
The concentration of the spaced windings or coils along
the length of the high density tube can be substantially
uniform, or it can be varied, provided such concentra-
tion or distribution produces the required thermal gra-
dient in the high density tube at the temperature of use
of the transter tube. The wound portion of the heating
element extends sufficiently along the length of the high
density tube to be able to heat the entire high density
tube. Generally, the wound portion of the heating ele-
ment extends along substantially the entire length, or
the entire length, of the high density tube component.

The thermal gradient of the high density tube compo-
nent in the present transfer tube can be determined in a
conventional manner. For example, a thermocouple can
be passed through the heated tube and the temperature
can be recorded as a function of position in the tube.

In the present transfer tube, the structure comprised
of the high density tube and the wound portion of the
heating element which may include a polycrystalline
coating of the cementing ceramic oxide on its outer
surface wall area is surrounded by the low density shell.
Generally, the low density shell, as well as any poly-
crystalline coating of the cementing ceramic oxide, has
a thermal expansion coefficient which is within £25%,
preferably within 109, or within £5%, of that of the
high density tube. Most preferably, the low density
shell, as well as any polycrystalline coating of the ce-
menting ceramic oxide, has a thermal expansion coeffi-
cient which is the same as, or not significantly different
from, that of the high density tube.

The low density shell has a thermal conductivity
which is always significantly lower than that of the high
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density tube and which depends largely on the applica-
tion of the resulting transfer tube. The shell has a ther-

mal conductivity, determined empirically, which 1s

sufficiently low to prevent formation of a significantly

deleterious high thermal gradient through the wall of 5

the high density tube. Generally, the present shell pre-
vents cracking off, or significant cracking off, of frag-
ments of the high density tube into the passing molten
metal. The shell, through its low thermal conductivity
and direct bonding to the high density tube, or direct
bonding to any polycrystalline cementing ceramic
oxide coating which in turn is directly bonded to the
high density tube, or direct bonding to the cementing
coating and to the wall of the high density tube depend-
ing on the porosity of the cementing coating, physically
reduces the thermal gradients through the wall of the
high density tube sufficiently for the present transfer
tube to be useful for transfer of molten metal. The direct
bonding of the shell to the high density tube, and/or to
the polycrystalline coating of cementing ceramic oxide,
facilitates ¢onstraint of the high density tube and trans-
fer of beneficial, biaxial compressive stresses to the high

10

I5

20

density tube. Thermal gradients which would be signifi-

cantly deleterious to the high density tube have no
significant deleterious effect on the low density shell
because of its lower elastic modulus and higher tough-
ness. Generally, the thermal conductivity of the shell
ranges from about 10% to about 90% lower, or from
about 209% to about 50% lower, than that of the high
density tube. '

Also, the thermal conductivity of any polycrystalline
cementing oxide coating produced by sintering of ce-
menting ceramic oxide particles is lower than that of the
high density tube. The thermal conductivity of this
sintered cementing coating should have no significant
deleterious effect on the maintenance of the desired
thermal gradients in the high density tube by the shell.
Generally, the thermal conductivity of such polycrys-
talline sintered cementing coating ranges from about
109 to about 90% lower, or from about 20% to about
509 lower, than that of the high density tube. Prefera-
bly, the polycrystalline coating of cementing ceramic
oxide material has a thermal conductivity which is not
significantly different from that of the shell.

The density of any sintered cementing coating
formed from the cementing ceramic oxide particles can
vary widely depending largely on the particular amount
of such particles used. Generally, the density of this
polycrystalline coating ranges from about 30% to about
80%, frequently from about 50% to about 70%, of its
theoretical density. Porosity in this sintered cementing
coating is interconnecting and the coating can be con-
tinuous or discontinuous. Depending on the extent of
porosity or discontinuity in this cementing coating, the
shell component, in addition to being directly bonded to
the cementing coating, may be in direct contact with
‘the wound portion of the heating element and may be
directly bonded to the outer surface wall of the high

density tube.
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Generally, the grain size of this sintered coating of 60

cementing oxide material does not differ sigmficantly,
or does not differ more than 20%, from the size of the
starting cementing oxide particles. Generally, the thick-
ness of this coating ranges from about 100 microns to no
more than about two times the thickness of the heating
element, i.e. a maximum thickness of about 1500 mi-
crons. Preferably, the thickness of this polycrystalline
coating is about the same as that of the heating element.

65

10
Preferably, this sintered cementing coating i1s comprised
of ceramic oxide material selected from the group con-
sisting of alumina, beryllia, magnesia, magnesium alumi-
nate, mullite, yttria, zirconia, mixtures thereof, and re-
action products thereof formed with a member selected
from the group consisting of magnesium oxide, calcium
oxide, silica and mixtures thereof. Generally, the reac-
tion products comprise less than about 5% by weight of

the coating. _

The low density shell has a density which depends
largely on the particular application of the transfer tube
and is determined empirically. Generally, for a low
density shell of given chemical composition, the larger
its volume of pores, the lower is its thermal conductiv-
ity. Generally, the low density shell has a density rang-
ing from about 40% to about 80%, frequently from
about 50% to about 70%, or from about 60% to about
65%, of its theoretical density. Porosity in the low den-
sity shell is interconnecting. | |

The low density shell i1s comprised of sequential lay-
ers which are directly bonded to each other. The shell
is comprised of at least three layers, i.e. at least two
primary layers and at least one intermediate secondary
layer disposed between the two primary layers. The
particular number of layers in the shell depends largely
on the particular application of the transfer tube and 1s
determined empirically. The shell can contain a plural-
ity of intermediate secondary layers, 1.e. as many as
desired, provided each intermediate secondary layer is
disposed between two primary layers. Generally, the
layers in a shell are of the same, or are of substantially
the same, length. Generally, none, or no significant
portion, of the wall of an intermediate secondary layer
is exposed, i.e. it is covered, or substantially covered, by
a primary layer.

The grain size of the polycrystalline phase of the low
density shell can vary depending largely on the particu-
lar shell desired and is determined empirically. Gener-
ally, the grains in the primary layers of the shell have an
average size which is significantly smaller, generally at
least about 209% smaller, than the average size of the
grains in the intermediate secondary layers.

Generally, the grains in the primary layers of the shell
have an average size ranging from about 15 microns to
about 50 microns, frequently ranging in average size
from about 20 microns to about 37 microns. In ene
embodiment, alumina grains in the primary layers are
substantially plate-like or tabular in form.

Generally, the grains in the intermediate secondary
layers of the shell have an average size ranging from
about 150 microns to about 430 microns, frequently
ranging in average size from about 200 microns to about
400 microns. In one embodiment, alumina grains in the
intermediate secondary layers are non-plate-like or non-
tabular in form. |

The layers in the sintered shell can range in thickness
depending largely on the particular transier tube de-
sired. Also, the layers in a shell may differ in thickness
from each other.

Generally, in one embodiment, the primary layers in
a sintered shell range in thickness from about 50 mi-
crons to about 2000 microns, or from about 100 microns
to about 1000 microns. In yet another embodiment, the
primary layers in the shell range in thickness from about
455 microns to about 765 microns. In one embodiment,
all of the primary layers in a shell are of substantially the
same thickness.
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Generally, 1n one embodiment, the intermediate sec-
ondary layers in the sintered shell range in thickness
from about 150 microns to about 1000 microns, or from
about 150 microns to about 800 microns, or from about
150 microns to about 430 microns. In yet another em-
bodiment, an intermediate secondary layer ranges in
thickness from about 505 microns to about 890 microns.
In one embodiment, all of the intermediate secondary
layers in a shell are of substantially the same thickness.

The grains in a primary layer of a shell may or may
not be present substantially as a layer only about one
grain thick.

Frequently, the grains in an intermediate secondary
layer of the sintered shell are present substantially as a
layer of one grain thickness.

In one embodiment, each layer in a shell is of a uni-
form, or substantially uniform, thickness.

In another embodiment, a layer or layers in the shell
have a thickness which i1s non-uniform, substantially
uniform or a combination thereof.

The low density shell of the present transfer tube has
a minimum total wall thickness which depends largely
on the particular application of the transfer tube and is
determined empirically. Its minimum total wall thick-
ness should be sufficient to prevent a deleterious effect,
or significant deleterious effect, on the high density tube
when molten metal i1s passed therethrough. Generally,
the minimum total wall thickness of the shell 1s about 1
millimeter. The maximum total wall thickness of the
low density shell can be as large as desired. Generally,
the total wall thickness of the low density shell ranges
from about 1 millimeter to about 100 millimeters, or
from about 2 millimeters to about 50 millimeters, or
from about 3 millimeters to about 10 millimeters.

The low density shell is an integral body. Generally,
it covers the outer surface wall of the high density tube
and at least the wound portion of the heating element
leaving none, or no significant portion thereof, exposed.
For example, if desired, an end portion or both end
portions of the high density tube may be left exposed in
the resulting transfer tube if necessary to fit it into a
particular device.

The low density shell 1s comprised of ceramic oxide
material whose composition can vary depending largely
on the particular application of the transfer tube and is
determined empirically. Frequently, the shell is com-
prised of polycrystalline ceramic oxide phase and an
amorphous glassy phase. In one embodiment, the shell
i1s comprised of a polycrystalline ceramic oxide phase.
Generally, the polycrystalline ceramic oxide phase
comprises from about 75 weight % to about 100 weight
%, or from about 90 weight % to about 99 weight %, or
from about 93 weight % to about 96 weight %, of the
shell. Generally, more than 50 weight %, or at least
about 75 weight %, or at least about 90 weight %, of
each layer of the shell is comprised of polycrystalline
ceramic oxide phase.

Preferably, the polycrystalline ceramic oxide phase in
the low density shell i1s comprised of a ceramic oxide
selected from the group consisting of alumina, berrylia,
magnesia, magnesium aluminate, mullite, yttria, zirco-
nia and mixtures thereof. The zirconia is stabilized zir-
conia generally comprised of the cubic structure, or a

combination of the cubic, monoclinic and tetragonal

structures.

Briefly stated, one embodiment of the present process
for producing an integral transfer tube comprised of a
high density tube, a continuous elongated heating ele-
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ment and a continuous multi-layered shell with a maxi-
mum density of about 80% of theoretical and wherein at
least about 75 weight 9% of said shell is comprised of
polycrystalline phase, said heating element being com-
prised of a heating wound portion and two end portions
wherein the wound portion is in direct contact with the
outer surface wall of said high density tube and wherein
at least a sufficient amount of said end portions are
exposed for electrical attachment, said she]l surround-
ing said wound portion of said heating element and the
outer surface wall of said high density tube leaving no
significant portion thereof exposed, comprises the fol-
lowing steps:

(a) providing a high density polycrystalline hollow
tube comprised of ceramic oxide, said high density tube
having two open ends and a density of at least about
90% of its theoretical density;

(b) providing a continuous elongated heating element
comprised of a metal or metal alloy having a melting
point higher than 700° C. and at least 200° C. higher
than the temperature of use of said transfer tube;

(c) forming a structure comprised of said high density
tube and said heating element wherein said wound por-
tion of said heating element 1s in direct contact with said
outer wall of said high density tube and said end por-
tions extend therefrom sufficiently to expose a sufficient |
amount thereof from said transfer tube for electrical
attachment;

(d) before step (f), plugging both open ends of said
high density tube with solid polymeric material which
thermally decomposes at an elevated temperature
below about 800° C.:

(e) forming an alkaline agueous slurry having a solids
content ranging from about 45% to about 609% by vol-
ume of the total volume of said slurry, said solids con-
tent being comprised of particles of slurry-forming size
of ceramic oxide, solid polymer which thermally de-
composes at an elevated temperature below 800° C. and
colloidal silica, said ceramic oxide ranging from about
93% to about 96% by weight of said sclids content, said
polymer ranging from zero to about 29% by weight of
said solids content, and said colloidal silica ranging
from about 3% to about 6% by weight of said solids
content, said slurry having a pH ranging from about 9 to
12, said slurry having a specific gravity at about 20° C.
ranging from about 2.2 g/cc to about 2.7 g/cc and a
viscosity at about 20° C. ranging from about 9 to about
15 seconds as measured with a No. 4 Zahn cup;

(f) immersing said plugged tube with its wound por-
tion of said heating element into said slurry;

(g) recovering said plugged tube from said slurry
forming a wet coating of slurry on the exposed outer
surface wall of said tube and on said wound portion of
said heating element leaving no significant portion
thereof exposed;

(h) contacting the resulting wet coated tube with
coarse ceramic oxide particles to form a coating thereof
on saild wet coating of slurry leaving no significant
portion thereof exposed, said coarse ceramic oxide par-
ticles being of a size which forms said coating thereof
on said wet coating of slurry, the average size of said
coarse ceramic oxide particles being significantly larger
than the average size of the ceramic oxide particles in
said slurry, saild ceramic oxide particles permitting pro-
duction of said polycrystalline phase;

(1) drying the resulting coated tube to permit said
silica particles to combine with water to produce a
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dimensionally stable 51llca gel which binds the ceramic
oxide part:cles |
(j) immersing the resulting dry coated tube into said
slurry to coat said tube;
(k) recovering the coated tube from said slurry form-

ing a wet coating of slurry on the coating of coarse

ceramic oxide particles leaving no significant portion of
said coating of coarse ceramic oxide particles exposed,
said coarse ceramic oxide particles being of a size which
enables formation of said wet coating of slurry thereon;

(1) drying the resulting coated tube to permit said
silica particles to combine with water to produce a
dimensionally stable silica gel, said silica gel thermally
decomposing at an elevated temperature to silica;

(m) firing the resulting coated tube to produce said
transfer tube, said firing being carried out in an atmo-
sphere or a partial vacuum which has no significant
deleterious effect thereon, said heating element being a
solid in said process;

(n) before step (m), removing any shell materal from
said amount of said end portions used for electrical
attachment: and

(o) before or after step (m), providing said high den-
sity tube with ends free of any shell material.

In another embodiment, the structure formed 1n step
(c) of the process also includes a sufficient coating of
cementing oxide particles, or a sintered polycrystalline
coating of cementing oxide, on the wound portion of
the heating element and on the outer surface wall of the
high density tube to secure the wound portion of the
heating element in place.

In carrying out the present process, an aqueous alka-
line slurry or dispersion is formed which preferably 1s
uniform or substantially uniform and which is useful for
producing the primary layers of the sintered sheil. Gen-
erally, this alkaline slurry is stable or substantially sta-
ble, i.e. it maintains its dispersed state, when its pH
ranges from about 9 to about 12, preferably from about
10 to about 11, and most preferably its pH 1s about 10.

Generally, the components used in forming this alka-
line slurry are known in the art or are commercially
available and the slurry can be formed in a conventional
manner. The materials used in forming the slurry should
have no significant deleterious effect on each other or
on the resulting transfer tube. |

Generally, the solids content of the alkaline slurry is
comprised of particles of ceramic oxide, polymer, and
colloidal silica. Generally, the solids content of this
alkaline slurry ranges, by volume % of the total slurry,
from about 45% to about 60%, preferably from about
499 to about 54%, more preferably about 52%. Gener-
ally, the ceramic oxide particles range by weight of the
total solids, i.e. solids content, of the slurry from about
93% to about 96%, preferably about 95%. Generally,
the polymer particles range from zero to about 2%, or
up to about 2%, frequently from amount 0.5% to about
2%, preferably about 1%, by weight of the total solids,
i.e. solids content, of the slurry. Generally, the colloidal
silica particles range from about 3% to about 6%, pref-
erably about 4%, by weight of the total solids, i.e. solids
content, of the shurry. The particular composition of the
solids content is determined empirically depending on
such factors as the desired composition of the primary
layers in the shell component of the transfer tube.

The alkaline slurry has a combination of specific
gravity and viscosity determined empirically which
enables the deposition of a coating useful for forming
the primary layers of the sintered shell component of
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the transfer tube. Generally, the slurry has a specific
gravity at about 20° C. ranging from about 2.2 to about
2.7 g/cc, preferably from about 2.4 to about 2.5 g/cc.
Also, generally, the slurry has a viscosity at about 20°
C. as measured by a No. 4 Zahn cup ranging from about
9 to about 15 seconds, preferably ranging from about 10
to about 13 seconds.

The ceramic oxide powder used in forming the alka-
line slurry is of a slurry- or dispersion-forming size
useful for depositing the slurry coating. Generally, the
ceramic oxide particles in the slurry have a U.S. sieve
mesh size of about —200 mesh, preferably about — 325
mesh. Generally, the ceramic oxide particles in the
slurry have an average particle size ranging from about
15 to about 50 microns, frequently having an average
particle size ranging from about 20 microns to about 37
microns. The particular ceramic oxide particle size 1s
determined empirically depending to some extent on
the particular average grain size desired in the polycrys-
talline phase of the primary layers of the sintered shell.
In one embodiment, the alumina particles in the slurry
are plate-like or tabular 1n form.

The alkaline slurry may or may not contain the poly-
mer particles depending largely on the thickness of the
slurry coating to be deposited and the uniformity de-
sired in the deposited coating. Whether the polymer
particles are required, and the amount thereof, can be
determined empirically. Generally, the polymer parti-
cles promote uniformity in a coating, and generally they
are required for producing thin coatings which are
substantially uniform. For thick slurry coatings, gener-
ally for coatings thicker than about 700 microns, the
polymer particles generally are not necessary. |

The polymer particles in the slurry are comprised of
solid organic polymer which thermally decomposes
essentially completely at an elevated temperature below
800° C., frequently decomposing at a temperature rang-
ing from above 50° C. to below 500" C. Generally, on
decomposition, part of the polymer vaporizes away and
part is left as elemental carbon. Representative of a
useful polymer is a copolymer of butadiene-styrene.

The polymer particles are submicron in size and are
of a size which can be dispersed in water, i.e. they are of
a latex-forming size. Generally, the polymer particles
have a size of less than about 10,000 Angstroms(A),
frequently ranging in size from about 1000 A to about
3000 A, or about 2000A. Generally, an aqueous alkaline
dispersion of the polymer particles, i.e. a latex, 1s used in
forming the slurry, preferably having a pH of about 10.
Preferably, the polymer particles comprise from about
409% to about 559%, or about 48%, by weight of the
latex. Such latexes are commercially available.

Generally, an aqueous alkaline dispersion of colloidal
silica is used in forming the slurry. Generally, the silica
particles comprise from about 10% to about 20%, pref-
erably about 15%, by weight of the colloidal silica dis-
persion. Generally, the silica particles have an average
size of less than about 15 microns, frequently ranging in
average size from submicron to about 10 microns.

Commercially available aqueous colloidal silica dis-
persions can be used. The solids content of these com-
mercially available dispersions can be adjusted in a
conventional manner, frequently adding water thereto,
to produce a dispersion of desired silica solids content.
Generally, the aqueous colloidal silica dispersion 1s
formed with the addition of a base such as sodium hy-
droxide, preferably producing a silica dispersion with a
pH of about 10.
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The present alkaline slurry can be prepared 1n a con-
ventional manner by stirring the components together,
preferably in air at about atmospheric pressure and at
about room temperature. Room temperature herein
ranges from about 15° C. to about 25° C. A conven-
tional mixing vessel frequently of stainless steel con-
struction can be used. The components should be mixed
until the viscosity of the slurry becomes stabilized or
substantially stabilized. Preferably, about 90% of the
ceramic oxide particles is added to a mixture of the
aqueous colloidal silica dispersion and latex, mixed to-
gether for about 2 hours, and the remainder of the ce-
ramic oxide particles added to the resulting mixture.
Mixing 1s then continued until the slurry has the destred
stable wviscostty, which frequently requires about 5
hours.

Generally, a wetting agent is added to the slurry to
promote wetting and deposition of a coating of desired
~uniformity. Conventional wetting agents, preferably
non-tonic, can be used. The wetting agent is used in an
effective amount determined empirically, i.e. a prede-
termined amount. Generally, from about 1.2 ml to about
7.2 ml of wetting agent per liter of slurry 1s sufficient.

Also, a defoaming agent may or may not be added to
the slurry depending on whether excessive foam forms
during the mixing operation. If good slurry mixing
practices are followed, foaming will not be a problem.
For exampile, use of a defoaming agent can be avoided
by mixing the slurry slowly overnight. However, a
conventional defoaming agent can be used, such as, for
example, a silicone emulsion sold under the trademark
Antifoam 60. The defoaming agent 1s used in an effec-
tive amount determined empirically, 1.e. a predeter-
mined amount. Generally, the defoaming agent ranges
by weight of the total slurry from about 0.003% to
about 0.008%.

Preferably, the wetting and defoaming agents are
admixed with the slurry to distribute them substantially
uniformly therein. The wetting and detoaming agents
should have no significant deleterious effect on the
slurry, i.e. they should be compatible with the other
components of the slurry.

During stirring, the specific gravity of the slurry can
be checked and adjusted to produce the desired specific
gravity. If the specific gravity 1s too low, ceramic oxide
particles can be added thereto to increase it. If the spe-
cific gravity is too high, generally colloidal silica disper-
sion is added to lower it. '

The viscosity of the slurry can also be adjusted dur-
ing mixing to produce the desired viscosity. Adjust-
ments can be made in the same manner as that employed
in adjusting the specific gravity of the slurry.

In a preferred embodiment, the slurry has a pH of
about 10.2, a specific gravity of about 2.46 g/cc at about
20° C. and a viscosity at about 20° C. of about 11 sec-
onds as measured by a No. 4 Zahn cup, and is produced
by admixing about 76 to about 78 weight % of ceramic
oxide, preferably alumina, particles of —325 U.S. mesh
size having an average particle size of about 37 microns,
about 2 weight % of latex with a polymer solids content
of about 489% by weight of the latex and wherein the
size of the polymer particles is about 2000 Angstroms,
and from about 20 to about 22 weight % of an aqueous
colloidal silica dispersion wherein the silica particles
comprise about 15% by weight of the colloidal silica
dispersion.

In one embodiment of the present process, the outer
surface wall of the high density ceramic oxide tube is
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abraded to roughen it to promote or enable adherence
of the first slurry coating to the wall. Such abrading
should have no significant deleterious effect on the high
density tube and can be carried out by a number of
conventional techniques. For example, the outer surface
wall of the high density tube can be sand blasted by
means of a dental blaster, preferably with a powder of
the same ceramic oxide of which the tube is made. This
roughening of the outer surface wall provides a me-
chanical lock with the slurry deposited thereon thereby
aiding formation of a uniform or substantially uniform
slurry coating. '

Preferably, the high density tube or the structure
comprised of the high density tube and the heating
element 1s cleaned to remove any deleterious matter
thereon and such cleaning can be carried out in a con-
ventional manner. For example, the tube or structure
can be dipped into or immersed in a conventional vapor
degreaser containing trichloroethylene.

Both open ends of the high density tube are plugged
to prevent coating of the interior of the tube. Generally,
the plugs are comprised of an organic polymeric mate-
rial which thermally decomposes essentially completely
at an elevated temperature below 800° C., frequently
decomposing at a temperature ranging from above 50°
C. to below 500° C. Generally, on decomposition, part
of the polymeric material vaporizes away and part is left
as elemental carbon. Preferably, the polymeric material
1s a solid wax which melts at a temperature ranging
from about 70° C. to about 100° C. thereby enabling its
removal by melting it away. Generally, the plugs are
formed of polymeric material which is commercially
available.

Any means which has no significant deleterious effect
on the present process can be used to facilitate dipping
of the plugged tube with its heating element in the
slurry. For example, a handle can be attached to one
end, or one end portion, of the plugged high density
tube. In another example, one end portion of a bar of
plug material can encapsulate one end portion of the
high density tube and a hook can be inserted in the
opposite end portion of the bar of plug material.

Generally, the coating procedure 1s carried out at
room temperature 1n air at about atmospheric pressure.
The plugged tube with its heating element 1s immersed
or dipped 1n the slurry sufficiently to coat the tube and
at least the wound portion of the heating element, and
withdrawn therefrom to produce preferably a uniform
or substantially uniform slurry coating leaving none, or
no significant portion, of the outer surface wall of the
high density tube, or of the wound portion of the heat-
ing element, or of any coating of cementing oxide used
to secure the wound portion, exposed. Specifically, a
slurry coating is deposited on the exposed outer surface
wall of the high density tube, on at least the wound
portion of the heating element, and on any coating of
cementing oxide thereon, leaving none, or no significant
portion thereof exposed. Generally, on withdrawing the
tube or structure from the slurry, it is manipulated,
generally held horizontally and rotated on its longitudi-
nal axis, to drain away excess slurry. The polymer parti-
cles 1n the slurry aid in the formation of a continuous,
preferably uniform or substantially uniform, slurry
coating. ] '

The resulting wet coated tube, i.e. structure, is placed
in contact with coarse ceramic oxide particles to deposit
a layer or coating thereof on the wet slurry coating
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leaving none, or no significant portion, of the wet coat-
ing exposed.

The coarse ceramic oxide particles are of a size which
enables formation of a layer or coating thereof on the
wet slurry coating. The coating of coarse ceramic oxide
particles permits the production of intermediate second-
ary layers in the sintered shell. Generally, the coarse
- ceramic oxide particles have an average particle size
ranging from about 150 microns to about 430 microns,
frequently ranging in average particle size from about
200 microns to about 400 microns. The size or average
size of the coarse ceramic oxide powder can vary and is
determined empirically depending largely on the partic-
ular sintered shell desired, i.e. the particular intermedi-
ate secondary layer or layers desired in the sintered
shell.

The deposition of the coarse ceramic oxide particles
can be carried out by a number of conventional tech-
niques, such as, for example, hand sprinkling, immersion
in a fluid bed or insertion in a sand rain machine. Gener-
ally, substantially only a single layer of the coarse ce-
ramic oxide particles is deposited.

The resulting coated tube or structure is then dried to
permit the silica particles to combine with water in the
coating to form a silica gel which is generally an inflexi-
ble, dimenstonally stable solid at room temperature.
Preferably, drying is carried out at about room tempera-
ture in air at about atmospheric pressure. Drying time is
determined empirically and frequently requires about
an hour. The dimensionally stable silica gel acts as a
binder for the ceramic oxide particles providing suffi-
cient mechanical strength for further slurry deposition.

The dry coated tube or structure is then immersed in
the slurry and withdrawn therefrom to produce, prefer-
ably a uniform or substantially uniform, slurry coating
on the coating of coarse ceramic oxide particles leaving
none, or no significant portion, of the coarse ceramic
oxide particles exposed. The coating of coarse ceramic
oxide particles, i.e. the size of the coarse ceramic oxide
particles, provides a mechanical lock for the deposited
slurry thereby enabling the formation of a continuous,
preferably uniform or substantially uniform, slurry
coating. -

The procedure of depositing a coating of coarse ce-

ramic oxide particles, drying to form the silica gel
binder, and depositing a wet coating of slurry on the
coating of coarse ceramic oxide particles can be re-
peated as many times as desired. When the last slurry
coating is deposited on the last coating of coarse ce-
ramic oxide particles, the wet coated tube or structure is
dried to permit formation of the dimensionally stable
silica gel binder.
" The shell-forming ceramic oxide particles can vary
widely in composition depending largely on the particu-
lar low density shell desired. Generally, the shell-form-
ing ceramic oxide particles are of a composition which
produces polycrystalline ceramic oxide phase in the
present transfer tube. The shell-forming ceramic oxide
particles should produce a polycrystalline phase 1n the
shell which comprises at least about 75 weight %, or at
least about 90 weight %, or at least about 93 weight %,
of the shell. The shell-forming ceramic oxide particles
should be of a composition which produces the desired
shell directly bonded to the outer surface wall of the
high density tube. Preferably, the shell-forming ceramic
oxide particles are comprised of alumina.

Any shell-forming material adhering to the exposed
end portions of the heating element to be used for elec-
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trical attachment should be removed therefrom before
firing. Such removal can be carried out by any conven-
tional technique. Preferably, it is removed before dry-
ing to form the silica gel, and in such instance, the wet
shell-forming material can be wiped off. Most prefera-
bly, before any immersion in the slurry, the end portions
of the heating element to be used for electrical attach-
ment are coated with a release coating preferably com-
prised of an inorganic material, such as a silicone poly-
mer, which prevents deposition of any shell-forming
material thereon. Materials which form such release
coatings are commercially available. Generally, before
firing in the present process, such a release coating is
removed, usually by wiping it off with a solvent there-
for.

If desired, any shell-forming material adhering to the
surfaces of both ends of the high density tube can be
removed before firing in any conventional manner.
After formation of the silica gel binder, the shell-form-
ing material can be removed from the ends of the high
density tube by techniques such as by filing or sanding
off the material. Although the plugs can be melted
away, or thermally decomposed away, during firing, it
is preferable at this time to remove most of the plugs in
a conventional manner. For example, the shell-forming
material can be filed off the plugs and most of each plug
can be removed by contacting it with a hot soldering

tool. The remainder of each plug is eliminated during

firing.

The coated tube or structure is fired to produce the
present transfer tube. The heating element i1s a solid
throughout the present process. Specifically, firing is
carried out to dehydrate the silica gel, to thermally

decompose organic polymer and to remove any result-

ing elemental carbon, and to produce the present sin-
tered shell. Firing can be carried out in a single step or
in more than one step. Firing is carried out at a tempera-
ture and in an atmosphere which has no significant
deleterious effect on the present process or on the re-
sulting transfer tube. Spectfically, all firing or sintering
in the present process is carried out in an atmosphere or
a partial vacuum which is non-oxidizing with respect to
the heating element and has no significant deleterious

effect thereon.
Generally, firing in the present process 1s carried out

at about atmospheric pressure. However, if desired,
firing can be carried out in a partial vacuum which
generally may range from below atmospheric pressure
to about 0.1 torr

‘The silica gel thermally decomposes to silica at an
elevated temperature generally ranging to about 1000°
C. Generally, at'an elevated temperature below 500° C.
water is lost from the silica gel, and frequently at a firing
temperature ranging from about 700° C. to about 1000°
C., the silica gel thermally decomposes to silica.

At an elevated temperature below 800° C., and gener-
ally at a firing temperature ranging from above 50° C. to
below 500" C., any organic polymer in the coatings as
well as any polymer used to maintain the wound portion
of the heating in place, thermally decomposes generally
producing some elemental carbon, and in the same tem-
perature range any organic polymeric plug material
melts away or thermally decomposes possibly leaving
some elemental carbon.

Generally, initially, at least until elemental carbon
resulting from thermal decomposition of polymer is
removed leaving no significant amount thereof, the
firing atmosphere or partial vacuum is sufficiently oxi-



5,022,150

19

dizing to remove the elemental carbon but non-oxidiz-
ing with respect to the heating element. Such an oxidiz-
ing atmosphere i1s determined empirically and can be
provided, for example, by hydrogen, and mixtures
thereof with a noble gas such as argon, wherein the
atmosphere contains sufficient water vapor to be oxidiz-
ing to carbonaceous species but non-oxidizing to the
heating element. Frequently, wet hydrogen is used
which i1s saturated with water at room temperature.
(Generally, such an initial oxidizing atmosphere is main-
tained until thermal decomposition of the organic mate-
rial 1s complete and the resulting elemental carbon has
combined with the atmosphere to form a gas, generally
carbon monoxide or carbon dioxide, which effuses
away thereby removing all or substantially all of the
elemental carbon. Generally, removal of polymer parti-
cles from the coatings leaves additional pores in the
shell-forming layers.

After thermal decomposition of the polymer and
removal of the resulting elemental carbon, and decom-
position of the silica gel, the resulting structure contains
porous layers of shell-forming material generally com-
prised of the present ceramic oxide and silica. The re-
sulting structure or specimen is then sintered to produce
the present transfer tube. Generally, the sintering or
firing temperature ranges from about 1000° C. to about
1900° C., preferably ranging from about 1600° C. to
about 1850° C., to produce the present transfer tube.
Generally, sintering is completed in less than one or two
hours. In a preferred embodiment, the specimen is sin-
tered, generally at a low sintering temperature of about
1000° C., and the resulting transfer tube is additionally
sintered or fired, at a higher temperature, for example at
about 1700 C., to produce a transfer tube with desired
characteristics such as a shell which is dimensionally
stable to at least 1700° C.

The particular firing or sintering temperature used to
produce the present transfer tube is determined empiri-
cally and depends on such factors as the particular com-
position being fired or sintered, the particular composi-
tion desired in the sintered shell, the particular melting
point of the heating element, and the particular dimen-
stonal stability desired of the transfer tube at the temper-
ature of use. At the sintering temperature, the present
shell-forming material undergoes bonding and usually
some shrinkage to form the sintered shell. The particu-

lar amount of shrinkage depends largely on both the.

sintering temperature and the particular composition
being sintered and is determined empirically. As an
example, the sintered shell of a transfer tube produced
at about 1000° C. is dimensionally stable at 1000° C. but
frequently undergoes some additional shrinkage at a
temperature higher than 1000° C. Generally, shrinkage
of the shell-forming material in forming the present
shell 1s less than about 10% by volume. Generally,
shrinkage occurs radially and there is no significant
longitudinal shrinkage. |

After removal of elemental carbon, i.e. upon produc-
tion of a structure free of any significant amount of
elemental carbon, the firing or sintering atmosphere can
be any atmosphere which has no significant deleterious
eftect on the resulting transfer tube. The firing or sinter-
ing atmosphere may be reducing or substantially inert
with respect to the ceramic materials being fired or
sintered. Representative of useful firing or sintering
atmospheres for the structure free of elemental carbon,
or containing no significant amount of elemental car-
bon, is argon, helium, hydrogen and mixtures thereof.
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The particular firing or sintering temperature and the
particular firing or sintering atmosphere used may have
a significant effect on the particular composition of the
sintered shell and 1s determined empirically.

Generally, for example with respect to alumina, when
firing or sintering is carried out at a temperature rang-
ing from about 1000° C. to about 1700° C. in a non-
reducing atmosphere, a sintered shell comprised of
polycrystalline alumina and an amorphous phase, gener-
ally an alumino-silicate, ts produced. Generally, when
firing or sintering is carried out in a non-reducing atmo-
sphere at a temperature ranging from above 1700° C. to
about 1900° C., a sintered shell comprised of polycrys-
talline alumina, mullite, and an amorphous alumino-sili-
cate 1s produced, or a sintered shell comprised of poly-
crystalline alumina and mullite is produced. Generally,
with increasing temperature and decreasing alumina
particle size, mullite formation increases.

On the other hand, when firing or sintering is carried
out in a reducing atmosphere, silica is reduced in
amount or eliminated. Therefore, a sintered shell com-
prised of polycrystalline ceramic oxide, for example
alumina,may be produced by carrying out firing or
sintering in a reducing atmosphere.

The resulting fired or sintered structure, i.e. the pres-
ent transfer tube, is cooled at a rate which has no signifi-
cant deleterious effect thereon, i.e. cooling should be
carried out at a rate which prevents cracking of the
transfer tube. The transfer tube may be furnace cooled.
Generally, it is cooled in the same atmosphere or vac-
uum in which firing or sintering was carried out. Gener-
ally, 1t 1s cooled to about room temperature, i.e. from
about 15° C. to about 25° C.

If any shell material is adhered to an end, i.e. an end
surface, of the high density tube, it can be removed in a
conventional manner. In one embodiment, it is removed
by slicing off that end part of the tube.

In one embodiment, the sintered shell of the present
transfer tube is comprised of a polycrystalline ceramic
oxide and at least a detectable amount of an amorphous
glassy phase. Generally, the amorphous phase is present
in the form of silica, aluminosilicate, sodium aluminosili-
cate, and mixtutes thereof. After the specimen has been
metallographically prepared which includes acid-
etching, the glassy phase is detectable by optical mi-
croscopy and by scanning electron microscopy. In this
embodiment, the glassy phase in the sintered shell can
range from a detectable amourit to about 25 weight %
of the shell, and frequently, it ranges from about 1
weight % to about 10 weight %, or from about 4 weight
% to about 7 weight %, of the shell.

In another embodiment, the sintered shell of the pres-
ent transfer tube is comprised of polycrystalline alu-
mina, at least a detectable amount of polycrystalline
mullite detectable, for example, by standard optical
microscopy and at least a detectable amount of a glassy
phase. Generally, in this embodiment, the mullite phase
ranges from about 1 weight % to less than about 25
welght %, frequently ranging from about 5 weight % to
about 20 weight % of the shell. Also, generally, the
glassy phase is present in at least a detectable amount,
frequently an amount of at least about 1 weight % of the
shell.

In yet another embodiment, the sintered shell is com-
prised of polycrystalline alumina and mullite phases,
wherein the mullite content ranges from a detectable
amount to about 25 weight 9% of the shell.
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The present transfer tube is an integral body useful
for transfer of molten metal, particularly alloys or su-
peralloys. The present transfer tube is particularly use-
ful for transfer of molten metal, alloy or superalloy at a
temperature ranging from about 500° C. to less than
1900° C., or from above 1000° C. to less than 1900° C.,
or from about 1100° C. to about 1800° C., or from about
1300° C. to about 1600° C. Generally, the high density
tube component of the transfer tube is preheated to a
temperature within about 300° C. of that of the molten
metal to be passed therethrough. Otherwise, cracking
may occur in the high density tube component of the
transfer tube.

The present transfer tube has no significant deleteri-

ous effect on molten metal, metal alloys or superalloys
passed therethrough. It is chemically inert, or substan-
tially chemically inert, with respect to molten metal,
metal alloy or superalloy passed therethrough.

Generally, the transfer tube is dimensionally stable,
or substantially dimensionally stable, at the temperature
of use. Preferably, the low density shell component of
the transfer tube does not shrink, or does not shrink to
any significant extent, at the temperature of use of the
transfer tube.

The present invention permits the direct production
of a transfer tube useful for transfer of molten metal.
However, if desired, the transfer tube may be machined
in a conventional manner to meet required dimensional
specifications.

The present transfer tube is particularly useful in the
steel industry for the casting of ingots.

The invention is further illustrated by the following
examples wherein the procedure was as follows unless
otherwise stated: |

Processing was carried out at about atmospheric
pressure and room temperature unless otherwise noted.
By room temperature herein, it is meant from about 15°
C. to about 25° C.

All firing and cooling was carried out at about atmo-

spheric pressure.
The fired specimens or transfer tubes were furnace-

cooled to about room temperature.
Standard techniques were used to characterize the

transfer tube.
EXAMPLE 1

In this example, a transfer tube was produced without
an in situ heater. This example is the same as Example 1
in U.S. Ser. No. 367,411, filed June 16, 1989 for Svec et
al.

A commercially available high density hollow cylin-
drical tube of polycrystalline alumina was used. The
tube had a density of about 999 of theoretical density
and an average grain size of about 20 microns. The tube
was cylindrical with a cylindrical passageway of the
same cross-sectional area extending therethrough. The
tube had an inner diameter of about 4.8 millimeters, a
wall thickness of about 0.76 millimeter, and a length of
about 300 millimeters.

To form the slurry, commercially available tabular 60

alumina (Al»O3) powder, — 325 mesh size (U.S. scréen),
i.e. a powder having an average partlcle size of about 37
- microns, was used. -

A commercially available latex (Dow Latex 460)
wherein the polymer particles comprised about 489 by
weight of the latex was used. The polymer particles had
a particle size of about 2000 Angstroms and were com-
prised of butadienestyrene copolymer.
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An aqueous alkaline colloidal silica dispersion (NAL-
COAG ®1130) containing colloidal silica, as SiO3, in
an amount of 30% by weight of the dispersion, and
containing NazO in an amount of 0.7% by weight of the
dispersion, was used. Specifically, distilled water was
added to the commercial dispersion to produce a disper-
sion wherein the colloidal silica comprised about 15%
by weight of the dispersion. The colloidal silica had an
average particle size of about 8 microns.

76 weight % of the tabular alumina powder, 2 weight
% of the latex, and 22 weight % of the colloidal silica
dispersion (15 weight % SiO;) were admixed in a stain-
less steel vessel to produce a slurry having at about 20°
C. a specific gravity of 2.46 g/cc and a viscosity of 12
seconds as measured by a #4 Zahn cup. Specifically,
about 90% of the alumina powder was added to a mix-
ture of the latex and colloidal silica dispersion, and
mixed for about two hours, then the remainder of the
alumina powder was added to the mixture and mixing
was continued overnight to produce the slurry.

A polyglycol liquid material, which 1s a combination
of a non-ionic wetting agent and defoamer and sold
under the trademark NALCO06020, was added to the
slurry in an amount of about 20 cc per gallon of slurry.
Mixing was then continued for about another 15 min-
utes.

The slurry had a solids content of about 52% by
volume of the total slurry. The solids content 1n the
slurry by weight of the total solids was comprised of
about 95% alumina, about 1% polymer, and about 4%
silica.

The outer surface wall of the high density tube was
sand-blasted at about 20 psi in a conventional manner
with alumina powder having an average size of about
200 microns to slightly roughen the surface.

The high density tube was then cleaned in a conven-
tional vapor degreaser containing trichloroethylene
vapor. From this point on, the tube was handled with
rubber-gloved hands.

The open ends of the tube were plugged with a com-
mercially available solid organic wax (melting point
about 70° C.) which covered both end portions of the
tube to prevent coating of the interior of the tube. Spe-
cifically, to facilitate dipping and drying on a drying
rack, a handling means was formed at one end portion
of the high density tube. One end portion of a bar of-the
wax, about 19 mm in diameter and about 100 mm long,
was pushed onto one end portion of the high density
tube encapsulating a length of about 95 millimeters of its
outer surface wall. A metal eye hook was inserted 1n the
opposite end of the wax bar.

The tube was cleaned again in a conventional manner
by immersing it in liquid Freon TF to clean the wax
plugs and then it was air dried. .

The tube was immersed in the slurry to coat the entire
exposed outer surface wall of the tube. Upon withdraw-
ing the coated tube from the slurry, excess slurry was
allowed to drain off and the tube was rotated on its long
axis to insure a substantially uniform slurry coating on
the exposed outer surface wall leaving none of it ex-
posed.

Commercially available coarse alumina powder was
gently applied to the wet coating by means of a sand-
rain machine to form a substantially uniform coating
thereof, i.e to form substantially a single-grain-thickness
layer thereof, on the wet slurry coating leaving no sig-
nificant portion of the slurry coating exposed. The
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coarse alumina powder had an average particle size of
about 270 microns and was non-tabular.

The resulting coated tube was dried in air for about
one hour to permit formation of a silica gel which acted
as a binder and produced a dimensionally stable coating
at room temperature. |

The dried, coated tube was then immersed in the
slurry to coat the layer of coarse alumina particles.
Upon withdrawing the tube from the slurry, excess
slurry was again allowed to drain off and the tube was
mantpulated to insure a substantially uniform slurry
coating on the layer of coarse alumina particles leaving
no significant portion of the coarse alumina exposed.

The wet coated tube again was inserted in a sand-rain
machine containing coarse alumina powder having an
average size of about 270 microns to form a substan-
tially uniform coating thereof on the slurry coating
leaving no significant portion of the slurry coating ex-
posed.

The resulting coated tube was then again air dried for
about one hour to permit formation of a silica gel binder
which produced a dimensionally stable coating at room
temperature.

This procedure was then repeated five times except
using coarser alumina powder and drying time to form
the silica gel was about 45 minutes. Specifically, a slurry
coating was deposited on the layer of coarse alumina,
the wet coated tube was immersed in a fluid bed of
coarse alumina powder of average size of about 410
microns to form a coating thereof on the slurry coating,
and the resulting coated tube was air dried to form the
dimensionally stable silica gel binder.

The resulting dry coated tube was then immersed in
the slurry, recovered therefrom to leave a substantially
uniform coating of slurry on the layer of coarse alumina
powder leaving no significant portion thereof exposed
and air dried overnight to form the dimensionally stable

stlica gel binder.
A number of coated tubes were prepared in this man-

ner.

The coating or shell-forming material deposited on
the wax parts was sanded off and a hot soldering tool
was used to remove most of the wax plugs and handle.

For the initial firing, a gas-fired furnace was used.
The firing atmosphere was an oxidizing atmosphere
comprised of natural gas and more than about 50% by
volume of air.

The coated tubes were placed in the furnace at room
temperature. The furnace was allowed to reach 1000°
C. at its own rate which was after one hour.

The tubes were kept at 1000° C. for one hour. The
furnace was then turned off, and the pieces were al-
lowed to furnace cool to room temperature.

The resulting sintered coated tubes were free of wax
and appeared to be free of elemental carbon. Each high
density tube had a multi-layered sintered shell directly
bonded to its outer surface wall. The shell was com-
prised of sequential layers directly bonded to each other
comprised of eight primary layers and seven intermedi-
ate secondary layers. To form the sintered shell, the
dried coatings had undergone less than 19 linear
shrinkage during the 1000° C. exposure. Porosity in the
shell was interconnecting. The shell had a total thick-

ness of about 6 mm. The shell appeared to be free of |

cracks.

The outer surface wall of each shell was machined in
a conventional manner reducing its thickness by about
0.5 to 0.75 mm to permit the fitting in the boron nitride
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sleeve in Example 3. Each machined specimen was then
sliced cross-sectionally with a diamond cut-off wheel
producing a number of the present transfer tubes. Each
transfer tube was about 38 mm long.

Each resulting transfer tube was comprised of the
high density tube with the low density shell directly
bonded to its outer surface wall leaving none of the
outer surface wall exposed. Both end surfaces of the
high density tube were free of shell material. From
other work, it was known that the sintered shell was
comprised of polycrystalline alumina, and a glassy
phase. From other work, it was estimated that at least
about 75 weight % of the polycrystalline phase was
comprised of alumina and about 5% by weight of the
shell was comprised of glassy phase.

EXAMPLE 2

This example is the same as Example 2 in U.S. Ser.
No. 367,411, filed June 16, 1989 for Svec et al.

A few of the transfer tubes produced in Example 1
were sintered to make them dimensionally stable at
temperatures higher than 1000° C.

Specifically, the transfer tubes were placed in a resis-
tance furnace with molybdenum heaters and sintered in
an atmosphere of helium at about 1600° C. for about one
hour and then furnace cooled to. room temperature.

Examination of one of the resulting transfer tubes
showed that, compared to the shell thickness just before
firing at 1600° C., the shell had undergone about 0.5
percent radial shrinkage but essentially no longitudinal
shrinkage. The shell appeared crack free.

One of the transfer tubes was cut to produce a cross
section thereof about 1 centimeter long which was used
to determine the density of the shell which was about 76
percent. The porosity in the shell was interconnecting. .

EXAMPLE 3

The disclosure of this example is substantially equiva-
lent to the disclosure of Example 4 of U.S. Ser. No.
367,411, filed June 16, 1989 for Svec et al.

A boron nitride support sleeve was used which was
open at both ends, which had an inner diameter of 12.8
mm and a wall thickness of 2.5 mm.

One of the transfer tubes produced in Example 2 was
placed in the boron nitride support sleeve. At room
temperature there was a gap of about 0.15 mm between
the transfer tube and the sleeve and it was predeter-
mined that at 1600° C. the gap would be zero.

A molybdenum wire wound oven was placed around
the assembly to heat the transfer tube to a temperature
within 300° C. of the pour temperature of 1600° C.

Molten René 95, which was at 1600° C., was passed
through the heated tube for about 3 minutes. The liquid
metal was caught in a crucible where it solidified into an
Ingot. -

Examination of the transfer tube showed that the
molten metal had no deleterious effect on it. No cracks
were visible in the high density tube component.

EXAMPLE 4

This 1s a paper example.

In this example, the transfer tube disclosed in Exam-
ple 1 1s provided with a heating element to produce the
present transfer tube with in situ heater. The procedure
used in this example is substantially the same as dis-
closed in Example | except as noted herein.



5,022,150

25

Specifically, the high density hollow tube of poly-
crystalline alumina disclosed in Example 1 is used in this
example. |

The alkaline slurry produced in Example 1 1s pro-
duced in this example.

The outer surface wall of the high density tube is
sand-blasted as disclosed in Example 1 and then the tube
is cleaned in a conventional degreaser containing tri-
chloroethylene vapor. -

A commercially available molybdenum wire sold
under the trademark Moly HT having a thickness of
about 0.5 millimeters (20 mils) is used to form the heat-
ing element. The wire is tightly wound around a steel
mandrel having an outside diameter of about 6 millime-
ters to produce a wound portion with two end portions
extending therefrom. The wound portion of the heating
element is then slid onto the outer surface wall of the
high density tube and away from both end portions of
the tube. The wound heating element portion has suffi-
cient spring to enable frictional engagement of the wall.
The wound heating element portion is comprised of
about 40 coils substantially uniformly spaced from each
other and such a spaced wound portion is illustrated 1n
FIG. 1. The end portions of the heating element are
spaced from the wound portion. |

The resulting structure is then cleaned in a conven-
tional vapor degreaser containing trichloroethylene
vapor. From this point on, the structure is handled with
rubber-gloved hands.

The open ends of the high density tube are plugged
with wax and a handling means is formed at one end
portion of the tube as disclosed in Example 1.

If desirable, a small amount of a commercially avail-
able epoxy polymer is placed on sufficient parts of the
wound portion of the heating element to secure 1t to the
outer surface wall of the high density tube to insure
maintenance of the spacing of the coils.

The resulting plugged structure is cleaned again in a
conventional manner by immersing it in liqud Freon
TF to clean the wax plugs and then it is air dried.

The end portions of the heating element to be used
for electrical attachment are sprayed with a commer-
cially available release agent, such as Sprits Silicone
Mold Release, to form a coating thereon which pre-
vents slurry and other shell-forming material from de-
positing thereon.

The resulting plugged structure is immersed 1in the
slurry to coat the entire exposed outer surface wall of
the high density tube and at least the wound portion of
the heating element. Upon withdrawing the coated
structure from the slurry, excess slurry is allowed to
drain off and the coated structure is rotated on its long
axis to insure a substantially uniform slurry coating on
the exposed outer surface wall of the high density tube
and on the wound portion of the heating element leav-
ing none of it exposed.

Commercially available coarse alumina powder with
an average size of about 270 microns is applied to the
wet coating to form a substantially umiform coating
thereof on the wet slurry coating as disclosed in Exam-
ple 1. |

The resulting coated structure is dried in air for about
one hour to permit formation of a silica gel which acts
as a binder and produces a dimensionally stable coating
at room temperature. |

The dried, coated structure is then immersed in the
slurry to coat the layer of coarse alumina particles,
withdrawn therefrom and manipulated to insure a sub-
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stantially uniform slurry coating on the layer of coarse
alumina particles leaving no significant portion of the
coarse alumina exposed as disclosed in Example 1.

The wet coated structure again is inserted in a sand-
rain machine containing coarse alumina powder having
an average size of about 270 microns to form a substan-
tially uniform coating thereof on the slurry coating
leaving no significant portion of the slurry coating ex-
posed. |

The resulting coated tube is then again air dried for
about one hour to permit formation of a silica gel binder
which produces a dimensionally stable coating at room
temperature. -

This procedure is then repeated five times except
using coarser alumina powder and drying time to form
the silica gel is about 45 minutes as disclosed in Example
1. |

The resulting dry coated structure is then immersed
in the slurry, recovered therefrom to leave a substan-
tially uniform coating of slurry on the layer of coarse
alumina powder leaving no significant portion thereof
exposed and air dried overnight to form the dimension-
ally stable silica gel binder.

The silicone release coating on the end portions of the
heating element is removed with Freon TF at room
temperature preferably with a soft bristle brush dipped
in Freon TF. |

The coating or shell-forming material deposited on
the wax parts is sanded off and a hot soldering tool is
used to remove most of the wax plugs and handle leav-
ing both end portions of the high density tube which
had been covered by wax free of shell-forming material.

For the initial firing, a gas-fired furnace 1s used. The
firing atmosphere is wet hydrogen saturated with water
at room temperature. The atmosphere is sufficiently
oxidizing to remove elemental carbon produced by
decomposition of polymer but non-oxidizing with re-
spect to the heating element.

The coated tube, i.e. structure, is placed in the fur-
nace at room temperature. The furnace is allowed to
reach 1000° C. at its own rate which is after one hour.

The coated tube is kept at 1000° C. for one hour. The
furnace is then turned off, and the piece 1s allowed to
furnace cool to room temperature.

The resulting sintered coated tube is free of wax and
free of elemental carbon. The multi-layered sintered
shell is the same as disclosed in Example 1.

Both end portions of the high density tube compo-
nent are sliced off to produce the present transfer tube.
Specifically, both end portions of the resulting sintered
tube are sliced off cross-sectionally without affecting
the heating element to produce the present transfer
tube. |

The resulting transfer tube is comprised of the high
density tube with the low density shell directly bonded

“to its outer surface wall and in direct contact with the

wound portion of the heating element leaving none of
the outer surface wall of the tube, or wound portion of
the heating element, exposed. This transfer tube 1s 1llus-
trated in FIG. 2.

EXAMPLE 5

This is a paper example.

The transfer tube produced in Example 4 is sintered
in the same manner as disclosed in Example 2 to make 1t
dimensionally stable at temperatures higher than 1000°
C.
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EXAMPLE 6

This is a paper example.

The transfer tube produced in Example § is supported
longitudinally by suitable means with its entrance end
portion at the top and exit end portion at the bottom.

The exposed end wire portions of the heating element
are electrically attached to a power supply. Sufficient
power 1s passed through the heating element, and the
amount and distribution of the wound portion of the
heating element is sufficient to preheat and maintain the
high density tube component within 300° C. of the
1600° C. temperature of the molten metal to be passed
therethrough.

Molten superalloy, at a temperature of 1600° C., is
passed downwardly through the hot high density tube
component of the transfer tube. The liquid metal is
caught in a crucible where it solidifies into an ingot.

EXAMPLE 7

In this example, the structure illustrated in FIG. 3
was produced. This structure was produced in Example
3 of U.S. Ser. No. 377,387, filed July 10, 1989 for Brun
et al.

In this example, three commercially available high
density hollow cylindrical tubes of polycrystalline alu-
mina were used. Each tube had a density of about 99%
of theoretical density and an average grain size of about
20 microns. Each tube was cylindrical with a cylindri-
cal passageway of the same cross-sectional area extend-
ing therethrough.

The largest diameter tube, tube 31 shown in FIG. 3,
had an inner diameter of about 6.5 millimeters, a wall
thickness of about 1.5 millimeters, an outside diameter
of about 9 millimeters, and a length of about 30 millime-
fers.

The second tube, tube 32, had an inner diameter of
about 5 millimeters, a wall thickness of about 0.7 milli-
meters, an outside diameter of about 6.25 millimeters,
and a length of about 10 millimeters.

The third tube, tube 33, had an inner diameter of
about 3 millimeters, a wall thickness of about 0.5 milli-
meter, an outside diameter of about 4 millimeters, and a
length of about 30 millimeters.

An end portion of tube 32 was frictionally engaged
within an end portion of tube 31 forming joint 34 there-
with, and an end portion of tube 33 was frictionally
engaged within an end portion of tube 32 forming joint
35 as shown in FIG. 3. The joints were about 3 to 4
millimeters in length.

Cementing ceramic oxide powder sold under the
trademark Alundum EA]139 was used in this example.
The powder was comprised, on a weight basis, of about
99% of fused alumina, 0.7% silica, 0.19% calcium oxide,
0.1% iron oxide, and 0.3% sodium oxide. The powder
had a particle size ranging from about 1 to about 125
microns with an average particle size in the range of
about 70 to 80 microns.

A cement paste was formed by mixing about 2 parts
of the cementing powder with water. The paste was
applied around the outside of joints 34 and 35 and dried
in alr. The resulting dried cement was sufficient to
maintain the joints in place.

The molybdenum wire disclosed in Example 4 was
used to form the heating element. The wire was doubled
and wound directly on the outer surface wall of tube 33
along substantially the entire exposed length thereof
" producing a wound heating element portion in the form
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of a double helix as shown in FIG. 3. End wire portion
39 was then extended from the wound portion on tube
33 and winding was continued with the remaining wire
forming a wound portion on tubes 32 and 31 along
substantially the entire exposed lengths thereof produc-
ing a wound portion thereon in the form of a single
helix. End wire portion 40 was then extended from the
wound portion on tube 31. The wound heating element
portion on tube 33 was comprised of about 14 spaced
cotls, on tube 32 it was comprised of about 6 spaced
coils and on tube 31 it was comprised of about 16 spaced
colls.

Some of the cementing powder was stirred with
water to produce a slurry wherein the powder com-
prised about 50% by volume of the slurry. The slurry
was brushed on the wound portion of the heating ele-
ment and on the exposed outer walls of tubes 31, 32, and
33 and dried in air. The dried coating of cementing
particles had about the same thickness as the wire and
secured the spacing between the coils of the wound
heating element portion. This coated structure is illus-
trated in FIG. 3.

EXAMPLE 8

This is a paper example.

In this example, the structure disclosed in Example 7
and illustrated in FIG. 3 1s produced except that the end
portions of the structure, i.e. the end portions of high
density tubes 31 and 33, are sufficiently longer to be free
of heating element and accommodate formation of the
wax plugs and handle thereon as disclosed in Example
1.

The resulting plugged structure is cleaned and the
end portions of the heating element are sprayed as dis-
closed in Example 4. The resulting plugged structure is
then used to produce the present transfer tube as dis-
closed in Example 4.

The resulting transfer tube is comprised of the high
density tube, the heating element, a polycrystalline ce-
menting oxide coating and the multi-layered shell of
Example 1. The cementing oxide coating is in direct
contact with the wound portion of the heating element
and is directly bonded to the outer surface wall of the
high density tube and to the shell. A sufficient portion
of the end portions of the heating element are exposed
for electrical attachment. This transfer tube has a pas-
sageway which decreases in cross-sectional area from
its upper end portion to its lower end portion.

What is claimed is:

1. A process for producing an integral transfer tube
useful for transfer of molten metal comprised of a high
density tube, a continuous elongated heating element
and a continuous multi-layered shell with a maximum
density of about 80% of theoretical and wherein at least
about 75 weight % of said shell is comprised of poly-
crystalline phase, said heating element being comprised
of a heating spaced wound portion and two end por-
tions spaced from said wound portion wherein the
wound portion 1s in direct contact with the outer sur-
face wall of said high density tube and wherein at least
a sufficient amount of said end portions are exposed for
electrical attachment, said shell, which having a ther-
mal conductivity at least about 109 lower than that of
sald high density tube comprises the following steps:

(a) providing a high density polycrystalline hollow

tube comprised of ceramic oxide, said high density
tube having two open ends and a density of at least
about 90% of 1ts theoretical density:;
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(b) providing a continuous elongated heating element
comprised of a metal or metal alloy having a melt-
ing point higher than 700° C. and at least 200" C.
higher than the operating temperature of said trans-
fer tube; 5

(c) forming a structure comprised of said high density
tube and said heating element wherein said wound
portion of said heating element is in direct contact
with said outer wall of said high density tube and
said end portions extend therefrom sufficiently
exposing at least a sufficient amount thereof from
said transfer tube for electrical attachment;

(d) plugging both open ends of said high density tube
with solid polymeric material which thermally
decomposes at an elevated temperature below
about 800° C.;

(e) forming an alkaline aqueous slurry having a solids
content ranging from about 45% to about 60% by
volume of the total volume of said slurry, said
solids content being comprised of particles of slur-
ry-forming size of ceramic oxide, solid polymer
which thermally decomposes at an elevated tem-
perature below 800° C. and colloidal silica, said
ceramic oxide ranging from about 93% to about
96% by weight of said solids content, said polymer
ranging from zero to about 2% by weight of said
solids content, and said colloidal silica ranging
from about 3% to about 6% by weight of said
solids content, said slurry having a pH ranging
from about 9 to 12, said slurry having a specific
gravity at about 20° C. ranging from about 2.2 g/cc
to about 2.7 g/cc and a viscosity at about 20° C.

- ranging from about 9 to about 15 seconds as mea-
sured with a No. 4 Zahn cup;

(f) dipping said plugged tube with i1ts wound portion
of said heating element into said slurry;

(g) recovering said plugged tube from said slurry,
forming a wet coating of slurry on the exposed
outer surface wall of said tube and on said wound
portion of said heating element leaving no signifi-
cant portion thereof exposed;

(h) contacting the resulting wet coated tube with
coarse ceramic oxide particles forming a coating
thereof on said wet coating of slurry leaving no
significant portion thereof exposed, said coarse
ceramic oxide particles being of a size which forms
said coating thereof on said wet coating of slurry,
the average size of said coarse ceramic oxide parti-
cles being significantly larger than the average size
of the ceramic oxide particles in said slurry, said SO
ceramic oxide particles permitting production of
said polycrystalline phase; |

(i) drying the resulting coated tube to permit said
silica particles to combine with water to produce a
dimensionally stable silica gel which binds the ce-
ramic oxide particles; |

(j) dipping the resulting dry coated tube into said
slurry to coat said tube;

(k) recovering the coated tube from said slurry form-
ing a wet coating of slurry on the coating of coarse
ceramic oxide particles leaving no significant por-
tion of said coating of coarse ceramic oxide parti-
ci2s exposed, said coarse ceramic oxide particles
being of a size which enables formation of said wet’
coating of slurry thereon;

(1) drying the resulting coated tube to permit said
silica particles to combine with water producing a
dimensionally stable silica gel, said silica gel ther-
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mally decomposing at an elevated temperature to
silica; | |

(m) firing the resulting coated tube to produce said

transfer tube, said firing being carried out in an
atmosphere or a partial vacuum which has no sig-
nificant deleterious effect thereon, said heating
- element being a solid in said process; |
(n) before step (m) removing any shell material from
said amount of said end portions of said heating
element used for electrical attachment; and

(o) before or after step (m) providing said high den-

sity tube with ends free of any shell material.

2. The process according to claim 1, wherein said
high density tube is comprised of ceramic oxide mate-
rial selected from the group consisting of alumina, be-
ryllia, magnesia, magnesium aluminate, mullite, yttria,
zirconia, and mixtures thereof.

3. The process according to claim 1, wherein the
polycrystalline phase of said shell is comprised of ce-
ramic oxide material selected from the group consisting
of alumina, beryllia, magnesia, magnesium aluminate,
mutllite, yttria, zirconia, and combinations thereof.

4. The process according to claim 1, wherein said
slurry is produced by admixing from about 76 weight %
to about 78 weight 7% of alumina particles of —325
mesh size, about 2 weight % of an alkaline aqueous
dispersion of polymer particles wherein the polymer
particles comprise about 48% by weight of the polymer
dispersion, and from about 20 weight 9% to about 22
weight 9% of an alkaline aqueous colloidal silica disper-
sion wherein the silica particles comprise about 15% by
weight of the colloidal silica dispersion.

S. The process according to claitm 1, wherein at least
about 90 weight % of said shell is comprised of poly-
crystalline phase.

6. The process according to claim 1, wherein said
high density tube is comprised of alumina and wherein
said ceramic oxide particles are comprised of alumina.

7. The process according to claim 1, wherein before
step (b) the outer surface wall of said high density tube
is abraded.

8. The process according to claim 1, wherein an aque-
ous dispersion of polymer particles and an aqueous
alkaline colloidal silica dispersion are used to form the
slurry. -

9. The process according to claim 1, wherein after
step (k) but before step (1), there is repeated step (h),
then step (i) and then step (§).

10. The process according to claim 1, wherein said
heating element 1s comprised of a member selected from
the group consisting of chromium, iridium, molybde-
num, nickel, osmium, palladium, platinum, rhodium,
ruthenium, tantalum, tungsten, and alloys thereof.

11. A process for producing an integral transfer tube
useful for transfer of molten metal comprised of a high
density tube, a continuous elongated heating element a
polycrystalline ceramic oxide coating, and a continuous
multi-layered shell with a maximum density of about
80% of theoretical and wherein at least about 75 weight
% of said shell 1s comprised of polycrystalline phase,
said heating element being comprised of a spaced
wound portion and two end portions spaced from said
wound portion wherein the wound portion is in direct
contact with the outer surface wall of said high density
tube and wherein at least a sufficient amount of said end
portions are exposed for electrical attachment, said
polycrystalline coating having a thermal conductivity
lower than that of said high density tube, said shell
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having a thermal conductivity at least about 10% lower
than said high density tube which comprises the follow-
ing steps:

(a) providing a high density polycrystalline hollow
tube comprised of ceramic oxide, said high density
tube having two open ends and a density of at least
about 90% of its theoretical density;

(b) providing a continuous elongated heating element
comprised of a metal or metal alloy having a melt-
ing point higher than 700° C. and at least 200° C.
higher than the operating temperature of said trans-
fer tube;

(c) forming a structure comprised of said high density
tube and said heating element wherein said wound
portion of said heating element is in direct contact
with said outer wall of said high density tube and
said end portions extend therefrom sufficiently
exposing at least a sufficient amount thereof from
said transfer tube for electrical attachment;

(d) forming a sufficient amount of cementing ceramic
oxide coating on sufficient amounts of said wound
portioh of said heating element and said outer sur-
face wall of said high density tube maintaining said
wound portion in place in said process;

(e) plugging both open ends of satd high density tube
with solid polymeric material which thermally
decomposes at an elevated temperature below
about 800° C.;

() forming an alkaline aqueous slurry having a solids
content ranging from about 45% to about 60% by
volume of the total volume of said slurry, said
solids content being comprised of particles of slur-
ry-forming size of ceramic oxide, solid polymer
which thermally decomposes at an elevated tem-
perature below 800° C. and colloidal silica, said
ceramic oxide ranging from about 93% to about
96% by weight of said solids content, said polymer
ranging from zero to about 2% by weight of said
solids content, and said colloidal silica ranging
from about 3% to about 6% by weight of said
solids content, said slurry having a pH ranging
from about 9 to 12, said slurry having a specific
gravity at about 20° C. ranging from about 2.2 g/cc
to about 2.7 g/cc and a viscosity at about 20° C.
ranging from about 9 to about 15 seconds as mea-
sured with a No. 4 Zahn cup;

(g) dipping said plugged tube with its cemented
wound portion of said heating element into said
slurry;

(h) recovering said plugged tube from said slurry
forming a wet coating of slurry on said cementing
oxide coating and on any exposed outer surface
wall of said high density tube and on any exposed
wound portion of said heating element, leaving no
significant portion thereof exposed;

(i) contacting the resulting wet coated tube with
coarse ceramic oxide particles to form a coating
thereof on said wet coating of slurry leaving no
significant portion thereof exposed, said coarse
ceramic oxide particles being of a size which forms
said coating thereof on said wet coating of slurry,
the average size of said coarse ceramic oxide parti-
cles being significantly larger than the average size
of the ceramic oxide particles in said slurry, said
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(j) drying the resulting coated tube to permit said
silica particles to combine with water producing a
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dimensionally stable silica gel which binds the ce-
ramic oxide particles;

(k) dipping the resulting dry coated tube into said

- slurry to coat said tube;

(1) recovering the coated tube from said slurry form-
ing a wet coating of slurry on the coating of coarse
ceramic oxide particles leaving no significant por-
tion of said coating of coarse ceramic oxide parti-
cles exposed, said coarse ceramic oxide particles
being of a size which enables formation of said wet
coating of slurry thereon;

(m) drying the resulting coated tube to permit said
silica particles to combine with water producing a
dimensionally stable silica gel, said silica gel ther-
mally decomposing at an elevated temperature to
silica;

(n) firing the resulting coated tube to produce said
transfer tube, said firing being carried out in an
atmosphere or a partial vacuum which has no sig-
nificant deleterious effect thereon, said heating
element being a solid in said process;

(n) before step (m), removing any shell material from
said amount of said end portions used for electrical
attachment: and

(o) before step (n), removing any shell material from
said amount of said end portions of said heating
element used for electrical attachment; and

(p) before or after step (n), providing said high den-
sity tube with ends free of any shell matenal.

12. The process according to claim 11, wherein said
high density tube is comprised of ceramic oxide mate-
rial selected from the group consisting of alumina, be-
ryllia, magnesia, magnesium aluminate, mullite, yttria,
zirconia, and mixtures thereof.

13. The process according to claim 11, wherein the
polycrystalline phase of said shell is comprised of ce-
ramic oxide material selected from the group consisting
of alumina, beryllia, magnesia, magnesium aluminate,
mullite, yttria, zirconia, and combinations thereof.

14. The process according to claim 11, wherein said
slurry is produced by admixing from about 76 weight %
to about 78 weight % of alumina particles of —325
mesh size, about 2 weight % of an alkaline aqueous
dispersion of polymer particles wherein the polymer
particles comprise about 48% by weight of the polymer
dispersion, and from about 20 weight % to about 22
weight % of an alkaline agueous collotdal silica disper-
sion wherein the silica particles comprise about 15% by
weight of the colloidal silica dispersion.

15. The process according to claim 11, wherein at
least about 90 weight % of said shell is comprised of
polycrystalline phase.

16. The process according to claim 11, wherein said
high density tube is comprised of alumina and wherein
sald ceramic oxide particles are comprised of alumina.

17. The process according to claim 11, wherein an
agqueous dispersion of polymer particles and an aqueous
alkaline colloidal silica dispersion are used to form the
slurry.

18. The process according to claim 11, wherein after
step (1) but before step (m), there is repeated step (1),
then step (J) and then step (k).

19. The process according to claim 11, wherein said
heating element is comprised of a member selected from
the group consisting of chromium, iridium, molybde-
num, nickel, osmium, palladium, platinum, rhodium,

ruthentum, tantalum, tungsten, and alloys thereof.
% * % E *
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